The paper analyses the results of serological examinations of domestic, farm and free-living animals from different regions of Slovakia, Southern Moravia, Southern Bohemia and Southern Poland using ELISA, indirect hemagglutination assay (IHA) and Western blot (WB). In Slovakia, significantly higher seroprevalence was recorded in dogs (33.5%) than in horses (26.5%), cattle (22.5%), sheep (16.6%) and rodents (17.8%) by using a mixture of Borrelia garinii, B. afzelii, B. burgdorferi sensu stricto (s.s.) antigens in ELISA. Seroprevalence in horses was significantly higher than in sheep and rodents, and seroprevalence in cattle was significantly higher than in rodents. By using IHA in free-living species, the highest seropositivity rates were detected in fallow deer (40.7%) compared with moufflons (16.6%), pheasants (8.0%) and pigeons (1.2%). When testing sera of horses, dogs and cattle from Slovakia by using different Slovak B. burgdorferi sensu lato (s.l.) isolates as antigens in ELISA, significantly higher seroprevalence of anti-Borrelia IgG antibodies and consistency of positive and negative findings was detected in comparison when American isolates were used. In WB analyses using the Eurocarpathian antigens, dog sera from Eastern Slovakia and Southern Moravia showed statistically insignificant differences in sensitivity and consistency of positive and negative findings. By using different methods and antigens in the same group of dog sera, significant differences in seroprevalence were only found in IHA with a mixture of Euroamerican B.b.s.l and WB CB26 B.b.s.s. In addition to other factors, the complexity of the standardization of the assay system with regard to the genetic and geographical heterogeneity of B. burgdorferi s.l. isolates used as antigens is also discussed.
Introduction
Lyme borreliosis is a cosmopolitan zoonosis, caused by spirochaetes of the Borrelia burgdorferi sensu lato (s.l.) complex. The main link in the epidemiology of the disease is an infected tick (Ixodes spp.), harbouring borreliae for a long time and, transmitting them through developmental stages and, in case of heavy infestation, most likely also transovarially (Lane & Burgdorfer 1986) . Data from a number of molecular and phenotypic studies resulted in division of the B. burgdorferi s.l. complex into different taxonomic entities, named genospecies or genotypes.
Besides man, various free-living and domestic animal species are exposed to the zoonosis. Many domestic animals infected with B. burgdorferi seroconvert, but do not show clinical signs. Clinical symptoms were recorded only in 10% of seropositive animals (Magnarelli et al. 1988; Bushmich 1994) .
The diagnosis of Lyme borreliosis is based on the epidemiological case history, clinical symptoms, labora-tory tests and promt antibiotic response (Magnarelli et al. 1994 (Magnarelli et al. , 1995 . In view of the frequent asymptomatic course of the disease (particularly in animals) and its non-specific clinical symptoms, the diagnosis of Lyme borreliosis is based on laboratory techniques. Polymerase chain reaction (PCR) is used for the evidence of the agent's DNA (also of particular genospecies) in ticks, reservoir hosts and infected animals (e.g., Derdáková et al. 2003) . Serological tests are the most frequently emloyed tests in current routine diagnosis of the disease. They include indirect flourescent-antibody assay (IFA), indirect enzyme-linked immunosorbent assay (ELISA) (Greene et al. 1988 ) and Western immunoblot method (Hauser et al. 1997 (Hauser et al. , 1998 . The heterogeneity of Borrelia burgdorferi s.l. strains, particularly significant in Europe (Wilske et al. 1992) , is one of the intricated problems in serological diagnosis of Lyme borreliosis.
Within the complex research of Lyme borreliosis in Slovakia we have concentrated, besides humans, on domestic, farm and free-living animals from Slovakia and 1136 A. Štefančíková et al. adjancent regions so as to assess the infection rate and the heterogeneity in immune response to B. burgdorferi s.l. genospecies. In this paper, results of serological examinations of animals with reference to some problems of serological diagnosis are presented.
Material and methods

Serum samples
Animal sera originated from areas situated in the transition zone between submontane wooded, lowland and foothill regions of Slovakia, Southern Moravia, Southern Bohemia and Southern Poland in Southeastern part of the West Carpathians ( Fig. 1 (Mateička et al. 1995) and B. burgdorferi s.s. B 31 -american strain from Ixodes scapularis (Johnson et al. 1984) . The sonicated antigens of Ir 105, Ir 112 and V 123 strains were prepared by the method of Štěpánová-Tresová et al. (2000) . Electrophoresis and immunoblotting with monoclonal antibodies were used for identification of the strains (Štěpánová-Tresová et al. 2000) . The other antigens were provided by the Veterinary Faculty of University of Veterinary and Pharmaceutical Sciences, Brno Czech Republic. The protein content of antigens was measured by the method of Lowry et al. (1951) and the working dilutions of antigens and conjugates were estimated by box titration.
Western blot (WB). The sonicated antigens and lowrange-molecular-mass standard (BioRad) were dissolved in sample buffer (containing β-mercaptoethanol as a reducing agent), boiled for 5 min and subjected to SDS-PAGE (12% polyacrylamide gel and 4% acrylamide stacking gel) (Laemmli 1970) . Electrophoresis was carried out at a constant current of 25 mA and gels were stained by Coomassie brilliant blue G250 (Sigma). Proteins were transferred to a nitrocellulose membrane using the system of Towbin et al. (1979) IgG reactivity with at least four Borrelia-specific proteins (18, 21, 24, 28, 31, 34, 39, 41, 45, 55, 60, 66, 75, 93 kDa) were the criteria used to define positive sera as evaluated according to Norman et al. (1996) .
Indirect hemagglutination assay (IHA) commercial set (Bag Med. AG) was used for examinations of free-living species. The Euroamerican mixture B. burgdorferi s.l. (EAB.b.s.l.) was used as an antigen.
Cross-reacting detection. Taking into account the possibility of known cross-reactions between Borrelia and Leptospira in some serological tests, serum samples were also examined for the presence of antibodies against Leptospira by the microscopic agglutination reaction (MAR) (Kmety & Bakoss 1978) .
Statistical evaluation was carried out by the chi-square (χ 2 ) test and consistency of positive and negative findings was calculated by Margolis (1983) .
Results
Serosurveys in animals
From 1993 to 2007, 3663 animal sera were examined for the presence of anti-Borrelia antibodies. Seropositivity was detected in 893 sera (24.4%). ELISA, by using a mixture of B. garinii, B. afzelii, B. burgdorferi s.s. antigens, revealed significantly higher mean seroprevalence in dogs (33.5%) in comparison to horses (26.5%) (P < 0.05, χ 2 ), cattle (22.5%), sheep (16.6%) and rodents (17.8%) (P < 0.001, χ 2 ) in Slovakia. Significantly higher seroprevalence was also detected in horses when compared to rodents and sheep (P < 0.01, χ 2 ) and in cattle in comparison to rodents (P < 0.05, χ 2 ) (Tables 1, 2). In particular years the seropopositivity of dogs ranged between 21.3% and 52.2%. Significantly higher seropositivity was detected in hunting dogs (40%) than in service or pet dogs (11% and 14.3%, respectively). The seropositivity rates for IgG antibodies varied geographically, from 23.8 to 60% in horses and from 10.2 to 34.3% in cattle. Seasonal differences in seroprevalence were also recorded; they ranged from 6 to 40% in spring, and from 34.3 to 62% in autumn. In seropositive cattle, the most frequent clinical signs were lameness (10.6%) and swollen joints (9.4%), but most of the cases were asymptomatic (80%). In free-living species the highest seropositivity rates were detected by IHA in fallow deer (40.7%), compared with moufflon (16.6%) (P < 0.05, χ 2 ), pheasants (8.0%) and pigeons (1.2%) (P < 0.001, χ 2 ) ( Fig. 2) . Cross-reactivity. Only one out of the cattle sera positive for borreliosis was positive for antibodies against Leptospira icterohaemorrhagiae. In horses positive for borreliosis one serum reacted with L. icterohaemorrhagiae and L. grippotyphosa and one with L. canicola. In seropositive dogs three sera reacted with L. canicola and one with L. icterohaemorrhagiae.
Comparative study
Testing sera of horses, dogs and cattle by using different Borrelia burgdorferi s.l. isolates as antigens in (Table 4 ). Consistency of positive and negative findings between tested antigens ranged from 68.2% to 77.3%. By comparing different methods and antigens for testing sera in the same group of dogs, significant differences in seroprevalence were only found in Explanations: Significantly lower compared to others antigens for each animal species ** B31 vs. K24 (P < 0.01, χ 2 ); B31 vs. Ir105 (P < 0.001, χ 2 ); *** B31 vs. K24 (P < 0.01, χ 2 ); B31 vs. Ir112, Ir105 and V123 (P < 0.001, χ 2 ); **** B31 vs. Ir112, K24 (P < 0.05, χ 2 ); B31 vs. V123 (P < 0.01, χ 2 ); B31 vs. Ir105 (P < 0.001, χ 2 ). Table 6 ). Consistency of positive and negative findings between these antigens ranged from 60.5% to 71.0%.
Discussion
In contrast to the geographically defined areas with foci of tick-borne encephalitis, Borrelia burgdorferi occurs and retains in the areas with favourable living conditions for ticks (Zeman et al. 1990 ). Initial surveys of ticks proved their extensive infestation with borreliae in the Slovakia (Kmety et al. 1986 (Kmety et al. , 1990 . Borrelia infection rates in ticks in Slovakia have also been confirmed, e.g., by Řeháček et al. (1991) ; Peťko et al. (1996) . Epidemiological reports of the Specialized State Health Institute in Banská Bystrica claim that the number of patients with Lyme borreliosis increased from 59 cases recorded in 1986 to 978 cases in 2006. Literature based data document the exposure of various species of domestic, farm and free-living animals to borreliae worldwide. Our results on seroprevalence of Lyme borreliosis in animals showed that the mean seroprevalence in individual species ranged from 15.6% to 33.7%. Other countries, for example the Czech Republic (Sýkora et al. 1988 ) reported 49-53% of seropositive dogs. In different areas of the U.S.A., seropositivity in dogs ranged between 2.7-76% (Burgess 1988; Greene et al. 1988 ). Isogai et al. (1990) found 8-18% seropositive dogs in Japan. A seroepidemiological survey of horses conducted in the USA proved seropositivity in 6-35% animals . In Japan, the recorded seropositivity in horses was only 2.6-4.6% (Tassai et al. 1993 ) and in the Czech Republic it was 7.8% (Treml et al. 1993) . As for seroprevalences in cattle, Wells et al. (1993) recorded 38-50% seropositive herds in Minnesota and Wisconsin. Similarly, Borko (2000) recorded 21.1-64% seropositive cattle in Slove- nia. In our study, seroprevalences in sheep and goats are comparable with the results obtained in other countries (Tuncer et al. 1999; Helmy 2000) . In small mammals, maximum seropositivity was observed in Apodemus flavicolis (Melchior, 1834) (20.88%), A. agrarius Pallas, 1771 (19.6%) and less 11.1% in Clethrionomys glareolus (Schreber, 1780), while the mean value among different species of small mammals was 18.8% (Štefančíková et al. 2004 ). These small mammals have strong evidence of reservoir competence for B. burgdorferi (Gern et al. 1998) . Mouflon is not a competent reservoir host (Gern et al. 1998 ), but showed 16.6% seropositivity. Seroprevalence in mufflons in the Czech Republic was 37.5%, with the highest rate in Bohemia 76.5% (Zeman & Januška 1999) . The breed, age and sex of animals did not influence their seroprevalence, however, exposure of animals to ticks infested by borreliae plays a decisive role (Štefančíková et al. 1996) . Our results on the prevalence of anti-borrelia IgG antibodies in sera of animals obtained in individual months suggest that the prevalence is associated with the activity of ticks. Since we have not determined IgM antibodies, that would indicate an early stage of infection, the evidence of IgG antibodies can only serve as an indicator of a mere contact with the agent of Lyme borreliosis, but cannot determine whether it is a case of acute infection or reinfection. The facts that the activity of ticks peaks in spring and autumn and IgG antibodies generally start emerging about 1-2 months post infection could account for increased seroprevalence in summer and autumn, as detected by our study. Only scarce data are available on the duration of spirochaetemia and persistence of antibodies in horses and cattle (Tuomi et al. 1998; Borko 2000) , however, in dogs with subclinical infections or reinfections they were found to persist for 1-2 years or even longer (Magnarelli 1990) . It is assumed that titres of anti-borrelia antibodies in horses in endemic areas persist as a result of frequent reinfections (Parker & White 1992) .
The diagnosis of Lyme borreliosis based on clinical signs, elimination of other causes of lameness, serology and response to therapy, is particularly difficult in cattle and horses (Bushmich 1994) . The aetiology of lameness is multifactorial, being associated with environmental factors that cause trauma and subsequently allow specific microorganisms to infect the wound. Other factors include climate and season, housing systems, herd size and management (Demirkan et al. 2000) . Treponema spp., which bear similar antigenic characteristics as B. burgdorferi (Blowey et al. 1994) were identified as possible pathogens in cases of digital dermatitis (Walker et al. 1995) . Demirkan et al. (1999) found significant cross-reacting epitopes shared by B. burgdorferi and Treponema spp. in cattle with digital dermatitis. Antibodies against Leptospira can also cross-react with Borrelia spp. (Wells et al. 1993 ). However, the seroprevalence of this spirochetal infection was very low in our group of dogs, cattle and horses.
The differences in seroprevalences found in our study were caused by several ecological factors such as species of animals and their individual susceptibility, focal occurrence of ticks and seasonal variability of Borrelia infection in ticks. Ixodes ricinus ticks are infected with B. burgdorferi almost all over the territory of Slovakia, with differences at individual sites (Kmety et al. 1990; Peťko et al. 1996) . Moreover, the use of different methods (indirect flourescent-antibody assay Ir105  CB26  Br-75   1  41  31,45,66  -2  93  39,66  -3  93  22 ,24,41,66 -4 39,93 31,39,41,45,66 22,41 5 -45,66,93 22,41 6 -41 22,41,45 7 -31,41 22,31,66 8 -39 22,31,41,45 9 66,93 31 22,24,41,60 10 22,24,30,41,43,45,66,93 41,45 -11 31,41,43,45,93 31,39,41,45,66 18,22,23,24,41 12 18,45 -IFA, indirect enzyme-linked immunosorbent assay -ELISA and Western immunoblot -WB) or their various modifications and different interpretations of results in terms of determining the reaction positivity must also be considered. furthermore, the geographical variability of Borrelia burgdorferi s.l. is also reflected in the antigenic diversity of isolates used as antigens for serological diagnosis and consequently in a different sensitivity of the method ). Borrelia burgdorferi was described as a single species (Johnson et al. 1984 ), but later a significant genetic and geographical diversity was confirmed, mainly in Central Europe (Wilske et al. 1992) . In Eastern Slovakia and Southern Poland, the regional prevalence of B. burgdorferi s.l. in ticks varied from 8 to 22.5%. The most frequent species were B. garinii and notably B. burgdorferi s.s. Lenčáková et al. 2006) . In Western Slovakia, high prevalence of B. garinii and B. afzelii in I. ricinus was reported (Hanincová et al. 2000) , but also B. valaisiana and B. burgdorferi s.s. were found there. B. lusitaniae as a dominant species was detected locally in the Slovak karst (Majláthová et al. 2006) . In Bohemia, B. afzelii was the predominant species (Derdáková et al. 2003) .
In a comparative study, using ELISA and different B. burgdorferi s.l. isolates in analyses of sera of dogs, horses and cattle from Eastern Slovakia and using WB in dogs from Southern Moravia and Southern Bohemia we came to the same conclusion as Bunikis et al. (1995) and Norman et al. (1996) , who recorded higher sensitivity of patient sera using geographically closely antigens in comparison to distant ones.
Even though we used two antigens of the same genetic group of B. burgdorferi s.s. (B31, CB26 and Ir105), significant differences in sensitivity could have been influenced by the various host source of antigens (Ixodes ricinus, I. scapularis) which came from different geographical areas. Antigens of genetically distinct groups of B. garinii (Ir112 and K24) and B. burgdorferi s.s. (Ir105, V123) from the same source and area responded more sensitively and findings for them were more consistent.
Given the diagnostic specifity, cross-reactivity in dogs, horses and cattle with heterologous Leptospira antigens was minimal. Sera examinations of horses for malleous, brucellosis, equine coital exanthema, infectious anemia and rhinopneumonitis were negative. Hansen et al. (1988) assumed that serological tests using whole-cells antigens are of low diagnostic specificity. Several strategies for increasing both sensitivity and specificity have been developed, such as preabsorbtion of cross-reactive antibodies with Treponema phagadensis (Wilske et al. 1984) , the use of detergent extracts of Borrelia burgdorferi s.l. (Bergström et al. 1991 ) and the use of purified flagella or various recombinant antigens (Hansen et al. 1991; Lenčáková et al. 2006) . In Europe, the extent of variations resulting from the use of different borrelia strains for antigenic preparation is still widely discussed (Hauser et al. 1998) .
In spite of problems in serodiagnostics of Lyme borreliosis, serosurvey of animals has been a useful epidemiological and tool to determine the emergence of this disease in new regions, ascertain B. burgdorferi circulation in animal populations, exhort veterinarians to pay attention to this disease in their clinical practice and include it into diferential diagnosis.
